This paper provides new estimates of the effects of ethnic network on U.S. exports. In line with recent research, our dataset is a panel of exports from U.S. states to 29 foreign countries. Our analysis departs from the literature in two ways, both of which show that previous estimates of the ethnic-network elasticity of trade are sensitive to the restrictions imposed on the estimated models. Our first departure is to control for unobserved heterogeneity with properly specified fixed effects, which we can do because our dataset contains a time dimension absent from previous studies. Our second departure is to remove the restriction that the network effect is the same for all ethnicities. We find that ethnicnetwork effects are much larger than has been estimated previously, although they are important only for a subset of countries.
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I. Introduction
Information is essential for identifying advantageous exchange possibilities. In addition to information, confidence or trust that the parties involved in an exchange will perform according to their commitments is crucial before transactions are agreed upon. A lack of information and a lack of trust are frequently identified as informal barriers to trade. These informal barriers to trade likely deter international trade to a larger extent than domestic trade and, therefore, contribute to explaining why, even after adjusting for economic size and distance, intra-national trade flows tend to swamp international trade flows.
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Prior research, theoretical as well as empirical, has identified immigrant networks as an important intermediary that can mitigate these informal barriers in home-country markets by providing information about demand, languages, business practices, and laws, as well as instilling confidence to facilitate international trade. By reducing the cost of searching across national borders and by serving as a means of enforcing contracts, immigrants increase the likelihood of a match between a buyer and a seller that results in a completed transaction. Our focus is on how immigrant networks have affected U.S. exports at the level of individual states.
Our analysis departs from the existing literature in two ways. First, we allow for unobserved fixed effects when estimating our gravity model. As Cheng and Wall (2005) have demonstrated, gravity models that do not allow for fixed effects tend to provide biased estimates because such models fail to account for unobserved time-invariant factors that affect the level of trade and the independent variables used to explain the level of trade. Second, we allow for the immigrant network effects to vary across ethnic groups. For various reasons, the exportimmigrant network relationship is likely to differ across countries. For example, as stressed by Dunlevy (2005) the trade-stimulating effects of immigrants should tend to be greater when the host and source countries differ more in terms of institutions, languages, and cultures. Here is when the special skills associated with ethnic networks can provide essential information and contract-enforcement services.
To set the stage for our analysis, we review the existing literature in the next section.
Next, we lay out the most general specification of ethnic networks in a common gravity model. This general version allows us to show very easily the different types of models that have been estimated, as well as our departures. To highlight the importance of our departures, we show results following the existing literature as well. We use the common gravity model to generate pooled cross section estimates and fixed-effect estimates when the network effect is assumed to be the same for all ethnicities. We then remove this restriction on the network effect and allow for country-specific network effects. Finally, we provide our most general estimates: countryspecific gravity models with country-specific network effects.
II. Literature
The traditional focus of research exploring the connection between immigration and international trade has been on how immigration affected factor supplies in the source and recipient countries. The change in factor supplies affects production and, ultimately, trade 3 flows.
2 Recently, most notably due to the research of James Rauch and various co-authors, attention has been drawn to the network effects associated with immigrants. Using state exports to 36 countries for 1993 -1996 , Herander and Saavedra (2005 examine the relationship between state exports and in-state and out-of-state immigrants. First, they examine the standard link between a state's immigrant population and its exports to the home country and find an ethnic-network elasticity of 0.18. Second, they argue that because a state's exporters have access to the ethnic networks of other states, the number of immigrants from the destination market in the rest of the states should also matter. As they expected, they
found that there was a positive link between a state's exports to a country and the number of immigrants from that country in the rest of the United States.
The final study relying on state exports to study the link between exports and immigrants is by Dunlevy (2005) . Using average exports to 87 countries for 1990-1992, Dunlevy estimates various specifications and finds a range for the ethnic-network elasticity of exports from 0.24-0.47. Dunlevy also examines four corollaries associated with the basic proposition of a link between exports and immigrants. He finds immigrant networks are especially useful for exports to countries with more corruption and to those with a less similar language. Institutional differences and differences across goods were not found to affect exports.
III. A Common Gravity Model
We estimate the effect of ethnic networks on state-level exports using a gravity model, as does most of the existing literature. In gravity models, the volume of trade between two partners 6 is a function of the sizes of the partners (gross domestic product (GDP) or its regional equivalent, such as gross state product (GSP), and population) and the distance between them. Additionally, gravity models control for cross-country differences in trade policy, usually by including dummy variables to indicate membership in preferential trading areas. For our first three sets of estimations, we use a gravity model that is common to all countries and states in the sense that the coefficients on the traditional gravity variables are assumed to be the same across all state/country pairs. The common gravity model with our most general specification of ethnic networks is:
In (1) In addition to the gravity variables, equation (1) that is specific to country j. By allowing for time dummies to differ across countries, we are 7 freed from having to quantify the trade stance of the countries, which is notoriously difficult.
Instead, because t j Z and t j τ cannot be estimated separately, we combine them into a single country-specific time dummy,
Our first main departure from the literature is that we allow for properly specified fixed effects, which are denoted in (1) by α ij . 8 As Cheng and Wall (2005) demonstrate, gravity models that do not allow for fixed effects tend to provide biased estimates because they fail to account for unobserved time-invariant factors that affect the level of trade as well as the independent variables that are used to explain the level of trade. Nonetheless, in common with the existing ethnic-network literature, we first estimate equation (1) without fixed effects.
The variable of most interest presently is t ij F , our proxy for the extent of ethnic networks, which is the number of residents of state i who were born in country j. Its coefficient, θ j , is the ethnic-network elasticity of exports to country j. With the qualified exceptions of Rauch and Trindade (2002) , Girma and Yu (2002) , and Dunlevy (2005) , every paper in the literature that has estimated the relationship has assumed that the ethnic-network elasticity is the same across countries. 9 In this sense, our second main departure from the literature is to allow for θ j to differ across countries so as to identify differences in network effects across ethnic groups. It is reasonable to expect that the network effect associated with Irish immigrants to differ from that 8 There is somewhat of a semantic issue regarding what is and what isn't a model with fixed effects. According to the standard references (Hsiao, 1986 and Greene, 2003) , fixed-effects models allow for intercepts to differ across cross-sectional units, which, in the case of trade, are trading pairs. Wagner, Head, and Ries (2002) include country dummies, while Dunlevy (2005) includes country and state dummies. Although a model with such dummies allows for some variation in intercepts, it does so in a highly restricted fashion and is not a fixed-effects model as described by Hsiao and Greene. 9 Rauch and Trindade (2002) assume that the effect is zero for all but ethnic Chinese residents; Girma and Yu (2002) assume that for U.K. trade the effect is zero for all but members of the British Commonwealth; and Dunlevy (2004) uses interaction terms to allow the ethnic-network elasticity to vary across countries because of language, corruption, and institutional differences. 
IV. Pooled Cross Section vs. Fixed-Effect Estimates
As mentioned above, because of data limitations, existing estimates the effect of ethnic networks on trade were limited to using the pooled cross section version of the gravity model.
The most general of these allows for state and country effects (Dunlevy, 2005) . This model can 9 be obtained from equation (1) by assuming that each state/country fixed effect is the sum of a common intercept ( α ), a state dummy variable ( i λ ), and a country dummy variable ( j ω ).
Although this allows for different intercepts across trading pairs, it does so by applying a complicated set of ad hoc restrictions on the trading-pair intercepts (Cheng and Wall, 2005) .
For the time being, also assume that the network effect is the same for all ethnicities
). Our pooled cross section regression equation is then . ln ln ln ln ln
The results in Table 2 are from our estimation of equation (2) with and without the restriction that the effect of ethnic networks on trade is zero. The first set of results corresponds to a fairly typical gravity model that controls for changes in trade policy, the sizes of the trading partners, distance, and contiguity, but not for the effect of ethnic networks. 11 The results are quite standard: trade is positively related to economic size, negatively related to distance, and is higher for contiguous trading partners.
The second set of results in Table 2 is analogous to those in the existing literature that has estimated the effects of ethnic networks: It does not impose the restriction that the ethnicnetwork effect is zero, although it does restrict the effect to be the same across ethnicities. From the table it is clear that inclusion of the number of foreign born affects the results in two ways.
First, the estimated ethnic-network elasticity is positive, statistically significant, and within the 11 All our equations are estimated by least squares. The existence of zero values for either the dependent variable or the independent variables raises problems for the estimation of a double log functional form. Recall, however, that our sample was chosen so that the level of exports was non-zero. To handle situations in which a state's immigrant population was zero, we simply added one to the level of the immigrant population.
typical range in the literature: A 10 percent increase in the number of residents born in a foreign country will increase state exports to that country by 2.4 percent. Second, inclusion of the foreign-born variable has a statistically significant effect on the rest of the model. 12 The estimates of β, δ, and η, for example, are very different when F ij is included, suggesting that the the product of GDPs, distance, and contiguity are correlated with the number of foreign born.
The general implication of this result is that gravity models that do not account for the effects of ethnic networks are providing biased estimates of the influence of other variables on trade volume.
Despite the apparent reasonableness of the preceding results from the pooled crosssection estimation, there are serious doubts about their validity. These doubts are based on the fact that this version of the gravity model does not account properly for unobserved (or not included) heterogeneity between state/country trading pairs that might account simultaneously for the level of exports from state i to country j as well as the number of residents in i that were born in j. Gravity models that do not account properly for these fixed effects have been shown to generate seriously biased estimates (Cheng and Wall, 2005) , even when exporter and importer effects are included, as in our estimation of equation (2).
The presence of estimation bias is confirmed by Figure 1 . In the figure, the residuals of the second estimation of equation (2) 
We estimate (3) under the assumption that there are no ethnic-network effects, and then under the assumption that the ethnic-network effects are the same for all countries. The results of our estimations are summarized in Table 3 . Note that the two earlier estimations of equation (2) summarized in Table 2 are restricted versions of the corresponding fixed-effects estimations in Table 3 .
The first column of results in Table 3 indicates that the fixed effects model that does not control for ethnic networks performs as expected: The coefficients on both gravity variables have the expected sign and are statistically different from zero. Also, the fixed-effects version of the model is preferred statistically to the pooled cross section versions, i.e., a likelihood-ratio test easily rejects the hypothesis that the restrictions to obtain the results in the first column of results in Table 2 do not bias the results.
Our second estimation of equation (3) is the fixed-effects version of the standard estimation in the ethnic-networks literature, which includes the ethnic-network variable and assumes that the ethnic-network elasticity is the same across countries. Our estimated ethnicnetwork elasticity is 0.132, which is statistically significant. Further, a likelihood-ratio test comparing the results from the first and second columns rejects the hypothesis that restricting this coefficient to zero does not bias the estimation. Note also that the inclusion of fixed effects reduces the estimated ethnic-network elasticity and, because the fixed-effects version of the model is preferred statistically to the corresponding pooled cross section version, the lower estimate is the preferred one. This result suggests that previous studies provided biased estimates of the ethnic-network elasticity of U.S. exports, tending to overstate the effect of such networks on trade.
VI. Heterogeneous Ethnic-Network Effects
Having established that estimation of the ethnic-network elasticity of trade requires the proper controls for trading-pair fixed effects, we can move on to our second point that the effects of ethnic networks can differ dramatically across ethnicities. We estimate the following gravity model, which differs from (3) only in that it relaxes the restriction that θ = θ j :
. ln ln ln ln
The results of this estimation are summarized in Table 4 , in which the heterogeneity of the ethnic-network elasticities is apparent. Further, a likelihood-ratio tests does not accept the null hypothesis that the restriction that these elasticities are the same. These statistically most-13 preferred estimates suggest that ethnic networks are important for only six countries, and that the effects are much larger than has been estimated previously. The six countries whose estimated ethnic-network elasticity is statistically different from zero are Brazil, Colombia, Ireland, South Africa, Spain, and Turkey.
Note also that the ethnic-network elasticities for these countries are much larger than has been found in any previous estimation. Only for South Africa is the elasticity less than one in absolute value, and, even then, only slightly so. Oddly, though, these results also suggest that for
Colombia the ethnic-network elasticity is negative and very large: A 10-percent increase in the number of residents born in Colombia should decrease exports to Colombia by nearly 20 percent. 13 Nevertheless, this version of the model and the results it provides are preferred statistically to all other versions up to this point.
Our fairly large data set, which has nearly fifteen hundred observations for each of two years, has allowed us to remove two sets of restrictions from the standard gravity model, both of which are not supported statistically or by theory. It also allows us to remove even more restrictions that might be biasing our above results. In particular, because we have at least 90 observations for each country, we can estimate separate country-specific gravity models, thereby allowing the coefficients on the gravity variables to differ across countries. After all, in the theoretical gravity model of Bergstrand (1989) , it is perfectly reasonable to expect not only different magnitudes on the coefficient on the population variable but also different signs. If larger states (countries) are more self-sufficient, then population is related negatively to exports.
14 On the other hand, larger populations might promote a division of labor that increases trade opportunities for a variety of goods. As a result, a model requiring identical coefficients for state exports to various countries might not be appropriate for some countries. In other words, our estimates might be biased by the restrictions that the signs on the gravity variables are the same across countries.
We estimate separately for each country the following fixed-effects gravity model:
The results of our estimations are summarized in Table 5 . The first thing to notice is the significant difference in the performance of the gravity model in explaining state exports, as evidenced by the large differences in the magnitudes of the coefficients on the gravity variables, the differences in R 2 s, and in the results of F-tests. In fact, for Egypt, Spain, and Venezuela an F-test fails to reject the null hypothesis that the model has no explanatory power.
For our purposes, the importance of allowing for country-specific gravity models is to see how it affects the estimates of the countries' ethnic-network elasticities. For these results, there are six countries whose estimated ethnic-network elasticities are statistically different from zero:
Brazil, Canada, Italy, South Africa, Spain, and Turkey. The elasticity for Italy is the largest: A 10 percent increase in the number of foreign residents should increase exports to Italy by just less than 13 percent. For the other five countries, the elasticities are much larger than has been reported in the literature, but are much smaller than what we found using the fixed effects model that restricts the coefficients of the gravity variables to be the same across countries (Table 4) .
Also note that the set of countries is different: While both models indicate that ethnic networks are important for exports to Brazil, South Africa, Spain, and Turkey; Colombia and Ireland have been replaced by Canada and Italy. Finally, we no longer find that ethnic networks reduce exports to Colombia. The earlier, peculiar result arose because the gravity model for Colombia is extremely idiosyncratic: the coefficient on the income variable is very negative and is statistically significant. By assuming that the coefficients on the gravity variables were the same across countries, we were biasing the estimates of the ethnic-network elasticity for Colombia.
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VI. Conclusion
This paper we provide new estimates of the effects of ethnic network on U.S. exports.
Our first contribution is to control for unobserved heterogeneity with properly specified fixed effects. Doing so results in a statistically significant ethnic-network elasticity that is about onehalf of what is found using existing empirical methods.
Our second contribution is to remove the restriction that the network effect is the same for all ethnicities. Our statistical results, which are consistent with economic theory, reveal that ethnic-network elasticities vary across countries. Prior research examining the relationship between immigrants and international trade has tended to estimate a single ethnic-network elasticity for trade flowing from one country to a group of countries. The possibility that the ethnic-network elasticity differed across countries was recognized previously; however, prior to our attempt, no one attempted to estimate separate ones for exports to different countries. Our 16 bottom line is that ethnic-network elasticities are actually much more important than has been reported previously, but that they are most important for a subset of countries.
We must stress, however, that we are not arguing that immigrant networks are unimportant for exports to countries in which we do not find statistical significance. Our analysis relies on the standard proxy for immigrant networks that is based on the number of immigrants in a state. This proxy is undoubtedly less than ideal and may be seriously flawed as a measure of networks for some countries. Networks are not necessarily larger for each new immigrant, but rather depend on the skills of the immigrants, which might not be accurately gauged by the quantity of immigrants.
15 15 In their study of Canadian exports, Head and Ries (1998) found that immigrants classified as independents (mostly professionals) affected trade relatively more than entrepreneurs and refugees. 
